We show theoretically that quantized zero-bias conductance peaks should be ubiquitous in superconductor-semiconductor hybrids by employing a zero-dimensional random matrix model with continuous tuning parameters. We demonstrate that NS junction conductance spectra can be generically obtained in this model replicating all features seen in recent experimental results. The theoretical quantized conductance peaks, which explicitly do not arise from spatially isolated Majorana zero modes, are easily found by preparing a contour plot of conductance over several independent tuning parameters, mimicking the effect of Zeeman splitting and voltages on gates near the junction. This suggests that even stable, apparently quantized, conductance peaks need not correspond to isolated Majorana modes; rather the a priori expectation should be that such quantized peaks generically occupy a significant fraction of the high-dimensional tuning parameter space that characterize the NS tunneling experiments.
The experimental search for Majorana zero modes (MZMs) in superconductor-semiconductor (SC-SM) hybrid devices has succeeded in observing many theoretically predicted features [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , most notably the zero-bias conductance peak (ZBCP) and recently even the quantized ZBCP of 2e 2 /h for normal metal-superconductor (NS) junction devices [20, 21] . These features are consistent with spatially isolated Majorana zero modes, but also with alternative theoretical explanations, such as "quasi-Majorana" Andreev bound states (ABS) [22] [23] [24] [25] [26] as well as the generic "anti-localization" enhancement of the density of states at zero energy in class D systems [27] [28] [29] [30] [31] . The experimental methodology for reporting candidate MZMs based on single-junction NS conductance typically involves: (1) a search over the experimental parameter space (e.g. Zeeman field, tunnel barrier, various gate voltages to tune the chemical potential) to identify any ZBCPs with an otherwise clean, featureless spectrum below the parent superconductor gap; (2) additional parameter fine-tuning to obtain 2e 2 /h conductance; then finally (3) a demonstration that this conductance is quantized through stability of the ZBCP as external parameters (e.g. gate voltage and Zeeman field) are tuned (i.e., a quantized conductance "plateau"). While some consensus already exists in the community that definitive useful information cannot be extracted at this stage from NS tunneling ZBCP measurements at a single device end [32] , we conclusively establish that consensus by showing in this work that even step (3) of the protocol above is generally unable to rule out the trivial non-MZM ZBCP scenario.
Theoretically, we establish compellingly that ZBCPs of trivial origin are generic in systems with no symmetry other than particle-hole symmetry, that these peaks can stick to zero energy over extended regions of the parameter space, and finally that some finite fraction of these peaks manifest stable and robust quantized conductance.
In other words, the experimental procedure of searching for quantized zero bias peaks by fine tuning experimental parameters (e.g. Zeeman field, gate voltages, tunnel barrier) in a systematic way is practically guaranteed to produce these "false positive" apparently quantized, but nevertheless trivial, ZBCPs. Our theoretical starting point is a class D random matrix ensemble [31, [33] [34] [35] . The model is maximally generic, since we impose no constraint other than particle-hole symmetry on the Hamiltonian, which holds for every experimental Majorana platform. We make no claim that any previous experiment is precisely described by such a random matrix; only that this should be understood as a null hypothesis. We then calculate the NS tunneling conductance spectra of an essentially zero-dimensional quantum dot system (see Fig. 1 ). Our central result expands and substantially generalizes on the generic class D "sticking ZBCP" [35] scenario -i.e., a non-quantized conductance peak that remains at zero bias as a single continuous parameter is tuned (this was also called a "Y-shaped Andreev resonance" in Ref. 35 ). In a higher-dimensional parameter space as consistent with the experimental methodology searching for MZMs, we show here that sticking ZBCPs can evolve into extended plateau-like regions enclosed by contours with 2e 2 /h conductance. We establish that it is typical to find completely generic random Hamiltonians that produce sticking ZBCPs over some fraction of the parameter space, and with stable, near-quantized conductance, but which never correspond to spatially isolated MZMs by construction. If we are allowed some additional post-selection over the space of random class D matrices as can be done by tuning several parameters in the experimental protocol, these plateaus can even be made remarkably large. We also show that varying the tunneling amplitude leads to qualitatively similar results to those reported in experiments by changing the barrier gate voltage [21] . We mention also that our random matrix model, while being the most generic theoretical model of the hybrid system from the perspective of symmetry, is also a reasonably physical model of the currently available experimental samples where the nanowire is typically short with many discrete energy levels being occupied so that the zero-dimensional quantum dot picture may apply rather accurately.
Model and formalism.-The region in Fig.1 enclosed by the dashed line is mainly composed of a zero-dimensional superconducting quantum dot appearing in a proximitized SM nanowire, which can be described by a class D M × M Hermitian random matrix. In the following, the Majorana basis is adopted for simplicity. In this basis the class D ensemble is characterized by a particle-hole symmetry
It is then convenient to take H = iA, where A is real and anti-symmetric. In the large-M limit [33, [35] [36] [37] we can assume a Gaussian distribution for H,
where tr(. . .) is the matrix trace and c = π 2 /(4δ 2 0 ). The parameter δ 0 is the mean energy level spacing. Eq. (2) can be further simplified to independent and identical Gaussian distributions for each element of A,
To calculate the conductance, we follow the formalism of Ref. 35 , which we reproduce here to make the presentation self-contained. To simulate the NS tunneling geometry, the M states of the quantum dot are coupled to an N -channel lead through the M × N tunneling matrix W . Since the choice of basis of H does not affect the distribution of H, we can without loss of generality simply choose the basis where the tunneling matrix W diagonal [35] , i.e.,
where w n is determined by the tunneling probability Γ n ∈ [0, 1] as [36, 37] 
For simplicity, we assign an identical tunneling probability for each channel in the lead, following Ref. 35 .
The differential conductance G(V ) = dI/dV is then determined by calculating the N × N scattering matrix [23, 24, 38] which we can now write as [36, 37] S(E) = 1 + 2πW
We then obtain the differential conductance in Majorana basis as
where τ y is the Pauli matrix acting on the particle-hole space.
Another useful tool for understanding the sticking of ZBCPs is the non-Hermitian "effective Hamiltonian"
where the imaginary term is a self-energy acquired from the coupling to the lead. When the tunneling probability Γ n is small, the energy spectrum of H eff approaches that of the original H. Note that the eigenvalues of H eff are distributed in the lower half of complex plane due to the positive-definiteness of W W † . In addition, the particlehole symmetry in H constrains the eigenvalues to come in pairs and − * . Therefore, the eigenvalues will be symmetrically distributed along the imaginary axis, unless purely imaginary. Thus, the non-degenerate eigenvalue on the imaginary axis has a range of stability [39, 40] against perturbations since there is no way to obtain a nonzero real part without breaking the particle-hole symmetry. This kind of stability is responsible for the zero energy sticking of the trivial ZBCPs. An intuitive way to understand this is that a purely imaginary eigenvalue of H eff corresponds to the presence of an exact zero eigenvalue in H. Consequently, one will observe a corresponding ZBCP, especially when Γ n is small. In what follows, we use M = 80 and N = 4 (i.e., a single transport channel with particle-hole and spin degrees of freedom). Our results are sensitive to the choice of N , so we choose it to reflect the experimental situation; our results are not sensitive to the choice of M , once sufficiently large. The tunneling probability Γ n = 0.1 by default unless stated otherwise. We emphasize that all of our results, quantized conductance or not, are by construction topologically trivial since M is even [41] [42] [43] .
Finally, our conceptual break with Ref. 35 is that we simulate the manipulation of several independent parameters (simulating the role of gate voltages in experiments), describing the quantum dot with a parametric Hamiltonian in a higher-dimensional parameter space (i.e. Zeeman field plus gate voltages)
where H 1,2,3 are three randomly drawn matrices and α 1,2 ∈ [0, 1] are two tuning parameters. This twodimensional parameter space can be considered as an isomorphism to a space spanned by magnetic field B and another gate voltage V 1,2 in the experiment through a certain definite mapping (which does not have to be orthogonal or linear). However, we also clarify that since there are typically several gates in experiments, the manner in which we introduce two parameters α 1,2 does not forbid the possibility of an even higher dimensional parameter space. In fact, it is very straightforward to generalize the two-parameter-dependent Hamiltonian to a higherorder one. We find however that the two-dimensional parameter space is already sufficient to establish our main conclusions, and any higher-dimensional parameter space representation only reinforces the generic results presented here.
Results.-We now emulate the "Majorana search" protocol of tuning parameters to find sticking ZBCPs. We do this systematically by finding the purely imaginary eigenvalues of Eq. (8) . We randomly draw 125000 independent triplets for H 1,2,3 , and then we post-select an H that maximizes the region of α 1,2 with sticking ZBCP by choosing the particular set of H 1,2,3 which yields the largest number of purely imaginary eigenvalues. To determine the occurrence frequency of purely imaginary eigenvalues over realizations of H, we discretize the parameter space α 1,2 ∈ [0, 1] × [0, 1] and sweep over each grid point of α 1,2 to evaluate the corresponding H in Eq. (9) . By enumerating the occurrences of purely imaginary eigenvalues, we indirectly know the likelihood that one can find the sticking ZBCP in such a configuration. In Fig. 2(a) we plot the differential conductance at zero bias voltage G(0) for the H selected by this procedure. The conductance varies continuously from 0 (dark blue) to 4e 2 /h (light yellow), the maximum possible for N = 4 [44] . Thus, searching for the sticking "quantized" ZBCP is equivalent to finding the region of 2e
2 /h conductance in the color plot. To compare with experimental results [20, 21, 45, 46] , we highlight the contour of 2e 2 /h conductance in Fig. 2 (a) in red. From this we can immediately identify two types of regions with high conductance: the plateau-like regions on the upper left versus the ridge-like regions on the right of Fig. 2(a) . The plateau-like regions are characterized by small gradients in the conductance, and are reminiscent of the theoretical expectation for a topological region of a phase diagram. In Fig. 2(b,c) , we show the full conductance spectra G(V ) along the two paths marked A and B, in the plateau-like region of Fig. 2(a) . The conductance spectra in Fig. 2(b,c) show a remarkable resemblance to experimental candidate Majorana ZBCPs [20, 21, 45, 46] , i.e. an in-gap conductance peak coming down to zero bias voltage, followed by a stable ZBCP of 2e 2 /h. More importantly, this nearly quantized ZBCP can even be stable in a certain region of parameters. Shifting the path A slightly to obtain path B, the conductance spectrum is hardly affected, as long as the path remains within the plateau-like region. Again, we emphasize that, by construction, these nearly quantized ZBCPs shown in the conductance spectra do not arise from a spatially isolated MZM. Further, these trivial nearly quantized ZBCPs are ubiquitous in Fig. 2 ; plateau-like regions are not rare in the color plot and any path that crosses a plateau-like region (like paths A and B) will result in similar conductance spectra to Fig. 2(b,c) .
We also investigate the effect of tuning the barrier transparency through Γ n . We first vary Γ n from 0.01 to 0.1 along path A of Fig. 2(a) . In Fig. 3(a,b) we compare the conductance spectra for two values of Γ n , overlaid with the eigenvalues of H. As Γ n increases, the ZBCP broadens and appears more stuck to the zero voltage axis [35] , while for small Γ n , the peak becomes steeper and fainter and the origin of this ZBCP as a parabolic near-touching becomes apparent. This phenomenon is consistent with experiment [21] in the sense that the zero bias conductance looks nearly quantized for larger transparency, but vanishes at small Γ n , where it is accompanied by a peak splitting, as shown in Fig 4(c) .
Although the previous plots were all produced for a single, particular realization of H, we emphasize that the qualitative behavior is typical as we have verified explicitly: our main results are that the existence of plateaus is generic and these plateaus can be easily obtained by following the generally accepted Majorana search experimental methodology. To quantify this, we calculate the fraction of the parameter space (α 1 , α 2 ) where H eff has purely imaginary eigenvalues, which in turn roughly corresponds to the fraction of parameter space covered by plateau-like ZBCPs. We histogram this fraction over independent realizations of H, shown in Fig. 4 . This coverage fraction has a distribution that is peaked around 4% -i.e., when performing a search for MZMs through a two-parameter conductance map (for example, to construct a topological phase diagram), one should a priori expect around 4% of the map to feature trivially almostquantized conductance.
Discussion.-We have generalized the crucial insight of Ref. 35 that distinguishes X-vs. Y-shaped Andreev resonances (the latter being our sticking ZBCPs) to higher dimensional parameter space, where the distinction becomes one between ridge-like and plateau-like regions in the parameter space. While Y-shaped resonances of a single parameter might not be quantized in general, the quantized plateau-like higher dimensional regions are generic, and if we allow even more parameters α i , the parameter space that realizes nearly quantized trivial ZBCPs can only increase. This implies that more gate voltages being independently tuned to optimize experimental ZBCPs necessarily leads to the observation of generic and trivial quantized ZBCPs! Our simulated results for conductance spectra in the zero-dimensional random matrix model resemble the existing experimental NS conductance results, regardless of the proposed Majorana or quasi-Majorana interpretations. The nearly quantized ZBCP is therefore ubiquitous in theory in multidimensional parameter space, requires no input other than class D symmetry, and can be easily observed in conductance color plots like Fig. 2(a) , i.e., modeling the multiparameter tuning involved in Majorana search procedures. Our results clarify that even stable, apparently quantized, ZBCPs do not provide conclusive evidence for topological MZMs; the observation of such peaks do not necessarily imply a topological phase, nor does the peak merging or splitting as a function of electrostatic gate manipulation (especially local gates near the junction) imply entering or exiting such a phase. This work is supported by Laboratory for Physical Sciences and Microsoft. We also acknowledge the support of the University of Maryland supercomputing resources (http://hpcc.umd.edu/).
